Background and Objectives The time-course when changes in glycemic control and body weight were first manifest in patients with type 2 diabetes mellitus (T2DM) treated with a combination of insulin degludec and liraglutide (IDegLira) was assessed, comparing IDegLira to its individual components. Methods Data from weeks 0-12 from two studies were analyzed, one comparing IDegLira to each component (DUAL I), and one comparing IDegLira to insulin degludec titrated to a maximum 50 units (DUAL II). Efficacy endpoints included glycated hemoglobin (HbA 1c ) and fasting plasma glucose (FPG) reduction, proportion of patients achieving HbA 1c [\7.0 % (\53.0 mmol/mol)] and FPG (B7.2 mmol/L) targets, and proportion achieving HbA 1c target without hypoglycemia and without hypoglycemia and weight gain. Results Mean HbA 1c was lower, and the proportion of patients reaching target HbA 1c greater, with IDegLira versus comparators (both studies) at weeks 8 and 12. Proportions of patients reaching target HbA 1c without hypoglycemia and without hypoglycemia and weight gain were higher for IDegLira versus insulin degludec, though not versus liraglutide. Mean FPG was lower with IDegLira, and the proportion achieving target FPG higher, versus components (both studies) from weeks 4-12. IDegLira was associated with mean weight reduction from weeks 4-12, although less than with liraglutide alone. Hypoglycemia occurred infrequently in weeks 0-12, with no difference in incidence between IDegLira and insulin degludec in either study. Conclusions IDegLira reduces plasma glucose to a greater extent than its components, measurable within the first 12 weeks of therapy, and without weight gain or an increased hypoglycemia risk versus insulin degludec.
Introduction
Despite the well accepted benefits of good glycemic control, many patients with type 2 diabetes mellitus (T2DM) have plasma glucose (PG) levels chronically elevated above guideline recommendations because potentially beneficial changes are not made to their treatment regimens [1, 2] . One reason for this ''clinical inertia'' is anxiety on the part of patients and their clinicians that introduction of insulin therapy will be restrictive and result in hypoglycemic events and weight gain [3] [4] [5] . A recent survey of more than 4000 patients showed that even when insulin was introduced, more than 80 % of patients still had a glycated hemoglobin (HbA 1c ) C7.0 % (53 mmol/mol) 6 months later, with 75 % having had no intensification beyond dose titration of their original insulin therapy [1] . Therefore, both insulin-treated patients and those on oral antidiabetic drugs (OADs) are potentially left at increased risk of diabetic complications as a result of clinical inertia [1, 2] , although it must be acknowledged that HbA 1c targets [7. 0 % are appropriate for some individual patients. The prevalence of poor control is perhaps surprising, however, given that patients' treatment satisfaction is largely influenced by clinical outcomes, especially improvement in glycemic control [6, 7] . Clearly there is a need to address clinical inertia, and given that improving glycemia increases treatment satisfaction, it seems likely that therapies able to tolerably reduce PG without increasing the risk of hypoglycemia within short time intervals could benefit patient engagement with self-management.
In recent years, several new drug classes for T2DM have been introduced providing opportunities to study various combinations with different but complementary mechanisms of action. It is possible that a combination of different agents with different actions could accelerate and enhance the initial PG-lowering response. One such combination is that of basal insulin plus glucagon-like peptide-1 receptor agonist (GLP-1RA) since these agents have pharmacological actions that complement each other [8] [9] [10] . The speed with which glycemic control can be established with this combination has hitherto not been studied, but together these agents provide dynamic control of both fasting and postprandial glycemia with low risks of hypoglycemia and weight gain [11] . This is achieved together with, and partly as a consequence of, a minimization of the insulin dose requirement [9] . Many clinical studies have demonstrated such clinical benefits with this regimen [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , and the tolerability of this combination relative to intensified insulin therapy is especially appealing and may benefit treatment adherence. In this respect, the improved [15] or relative [22] treatment satisfaction/ quality-of-life benefits reported with the incorporation of a GLP-1RA into a basal insulin-based regimen may be relevant.
Following the clinical use of basal insulin plus GLP-1RA therapy given in parallel, and as an approach to simplifying therapy with a goal of improving adherence and convenience, novel, fixed-ratio combination products containing basal insulin and a GLP-1RA are being developed. One such product (IDegLira) consists of insulin degludec and the GLP-1 analog liraglutide. Insulin degludec provides a flat and stable steady-state basal insulin profile [23] , and effectively reduces fasting plasma glucose (FPG) levels [24] , while liraglutide benefits both FPG and postprandial plasma glucose (PPG) levels [25] . The effects of liraglutide on beta-cell and alpha-cell function are strictly glucose dependent, hence when combined, liraglutide and insulin degludec have the potential to mitigate the risk of hypoglycemia that might otherwise limit intensive glycemic control with insulin therapy [26] . As a GLP-1 analog, liraglutide also reduces hunger, promoting weight loss, hence IDegLira also provides weight advantages when compared with basal insulinbased regimens [26, 27] .
IDegLira is administered as dose steps given once daily, titrated in a similar way to basal insulin. One dose step contains a fixed combination of 1 unit of insulin degludec and 0.036 mg of liraglutide. The pen enables injections in increments of single dose steps (maximum dose: 50 units of degludec and 1.8 mg liraglutide). Two phase III trials (including an extension study) involving IDegLira have currently been completed and published [26] [27] [28] and a further five are soon to be published or are still on-going [29] [30] [31] [32] [33] . These studies have demonstrated the complementary effects of the components of IDegLira, also demonstrating its good efficacy and tolerability profile. However, data concerning the relative speed of glycemic improvement during IDegLira therapy have not been reported. Increased speed of improvement could potentially translate into enhanced perseverance/adherence with therapy, which could be particularly important with an injectable therapy. This post hoc analysis therefore sought to investigate, in patients with T2DM previously treated with OAD or basal insulin ? OAD, the time-course over which differences in glycemic control as well as hypoglycemia risk and changes in body weight occurred. This analysis thus assessed the hypothesis that responses to IDegLira would be faster versus insulin degludec or liraglutide alone.
Methods
Data suitable for assessment had been collected at weeks 4, 8, and 12 in the DUal Action of Liraglutide and Insulin Degludec in Type 2 Diabetes (DUAL) I and II studies [26] [27] [28] . In these studies, all procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation ( 2 ) who had prior treatment for at least 90 days with basal insulin at a stable dose (20-40 units/day) in combination with metformin with or without sulfonylurea or glinides. In DUAL II, patients were randomized to IDegLira or insulin degludec titrated to a maximum dose of 50 units [27] . In both studies, doses of IDegLira (and insulin degludec) were adjusted twice weekly during a telephone consultation with a study nurse and using a titration algorithm based on the mean self-measured pre-breakfast PG value from 3 consecutive days, aiming for a pre-breakfast glucose concentration target of 4.0-5.0 mmol/L.
Efficacy endpoints assessed in this analysis were change in HbA 1c , change in FPG, and change in body weight over time. In addition, responder endpoints were assessed including proportion of patients achieving HbA 1c \7.0 % (\53 mmol/mol), and proportion of patients achieving FPG B7.2 mmol/L, these values being in line with the current American Diabetes Association (ADA)/European Association for the Study of Diabetes (EASD) treatment position statement [34] . Two composite responder endpoints were assessed: proportion of patients achieving HbA 1c \7.0 % without confirmed hypoglycemia (details below), and proportion of patients achieving HbA 1c \7.0 % without confirmed hypoglycemia and without weight gain. For the responder endpoints that included HbA 1c \7.0 %, week 4 data were not included in the analysis due to this interval being relatively short compared with the time-scale over which HbA 1c changes in response to mean PG exposure, and the timing of increments in dose steps.
Confirmed hypoglycemia rates over the first 12 weeks and the cumulative incidence at weeks 4, 8, and 12 were assessed to investigate the balance between early glycemic control and development of early hypoglycemia risk. Confirmed hypoglycemic episodes were defined as severe events requiring third-party assistance, or non-severe episodes dealt with by the patient and confirmed by a PG value \3.1 mmol/L (\56 mg/dl).
The responder endpoints were analyzed using logistic regression adjusting for treatment, region, and antidiabetic treatment at screening as fixed factors, and baseline values as covariates. Absolute values for HbA 1c , FPG, and body weight change were analyzed using analysis of covariance, also adjusting for these fixed factors and baseline values as covariates, and hypoglycemia rates were analyzed using a negative binomial model adjusting for treatment, region, gender, and antidiabetic treatment at screening as fixed factors. DUAL I data were also adjusted for baseline HbA 1c stratum and sub-study participation. In the logistic regression a logit-link was used. In the negative binomial model a log link was used and the log of exposure time as offset. Analyses were based on the full analysis set, using the last observation carried forward to impute missing data.
Results
The patient baseline characteristics for the DUAL I and II studies are given in supplementary Table 1 ; within each study the comparator groups were well matched [26, 27] . Data concerning HbA 1c are shown in Figs. 1 and 2. In both DUAL I and II, reduction in mean HbA 1c values occurred faster in patients treated with IDegLira, such that significant differences were demonstrated at weeks 4, 8, and 12 versus insulin degludec (both studies) and at weeks 8 and 12 versus liraglutide (DUAL I). The proportion of patients achieving HbA 1c \7.0 % at weeks 8 and 12 was significantly higher with IDegLira than comparators (Fig. 2) . The proportions of patients achieving this target without hypoglycemia, and without hypoglycemia and weight gain were also higher with IDegLira than with insulin degludec in both studies at weeks 8 and 12. The proportion of patients achieving the target without hypoglycemia were similar for IDegLira and liraglutide at week 12 in DUAL I, but there was a significant difference favoring IDegLira at week 8 (Fig. 2b) . The proportion of patients achieving the target without either hypoglycemia or weight gain was higher for liraglutide than IDegLira at week 12 (Fig. 2c) .
FPG data are shown in Figs. 3 and 4. In DUAL I, mean FPG was lower with IDegLira versus individual components at weeks 4, 8, and 12 (all p \ 0.0001) (Fig. 3a) . In DUAL II, mean FPG was also lower with IDegLira versus insulin degludec from week 4, continuing through weeks 8 and 12 (Fig. 3b) . In DUAL I, the proportion of patients who reached FPG B7.2 mmol/L at week 4 was greater with IDegLira versus its individual components, and this was also observed at week 8 (Fig. 4a) . In DUAL II, the proportions of patients reaching FPG B7.2 mmol/L at weeks 4 and 8 were higher with IDegLira than with insulin degludec, and a diminished but statistically significant betweentreatment difference was still evident at week 12 (Fig. 4b) .
Trajectories for body weight change are shown in Fig. 5 . In DUAL I, mean weight reduction from baseline to 4 weeks was greater with IDegLira versus insulin degludec, but lower with IDegLira versus liraglutide, and these differences in trajectories continued over weeks 8 and 12 (Fig. 5a) . In DUAL II, mean weight reduction from baseline was greater with IDegLira versus insulin degludec after 4, 8, and 12 weeks (Fig. 5b) .
Hypoglycemia data during the initial 12 weeks are presented in Table 1 . The absolute event rates and cumulative incidence were low in the initial weeks with all treatments. There was no difference in hypoglycemia rate between IDegLira and insulin degludec in either study, but hypoglycemia was more frequent with IDegLira than with liraglutide in DUAL I.
Discussion
In DUAL I, baseline mean HbA 1c was 8.3 % (67 mmol/-mol) and this was reduced at 26 weeks by 1.9 % (21 mmol/mol) with IDegLira [final mean dose, 38 dose steps (38 units insulin, 1.37 mg liraglutide)], versus 1.4 % (15 mmol/mol) with insulin degludec (final mean dose 53 units), and 1.3 % (14 mmol/mol) with liraglutide (final dose 1.8 mg), estimated treatment differences p \ 0.0001 for IDegLira versus each comparator. A higher proportion of patients reached HbA 1c \7.0 % (53 mmol/mol) with IDegLira (80.6 %) than with insulin degludec (65.1 %) or liraglutide (60.4 %; p \ 0.0001 both comparisons) [26] . These advantages for IDegLira were preserved through to 52 weeks in an extension study [28] . In DUAL II, mean HbA 1c improvement from baseline was greater with IDegLira than with insulin degludec, with respective mean reductions of 1.9 % (21 mmol/mol) and 0.9 % (10 mmol/mol; p \ 0.0001) from respective baseline values of 8.7 and 8.8 % (72 and 73 mmol/mol) at equal final mean insulin doses of 45 units. Again, more patients achieved HbA 1c \7.0 % with IDegLira (60 %) than with insulin degludec (23 %; p \ 0.0001). Data collected from the first few weeks of these studies and analyzed here clearly show that much of the improvement with IDegLira occurred in the early weeks, with relatively rapid improvement of FPG and HbA 1c , resulting in lower mean values and higher proportions of patients achieving target values early on therapy when compared with insulin degludec or liraglutide given alone. A relative mean body weight reduction versus insulin degludec was apparent from 4 weeks in both studies, although body weight reduction was not as substantial with IDegLira as with liraglutide alone in the initial weeks of treatment in the DUAL I study. Importantly, these early clinical benefits are likely to be meaningful to patients [6, 7] .
Illustrative of the relative differences in the early improvement in glycemic control is the observation that the proportion of patients achieving the HbA 1c target at week 8 with IDegLira was similar to the proportion achieving this target at week 12 with insulin degludec in both studies, and the proportion of liraglutide-treated patients achieving this target at week 12 in DUAL I (not statistically tested) (Fig. 2) . Similar observations apply to FPG (Figs. 3, 4) , where greater reductions early in treatment were again seen for IDegLira in both studies. Fasting glycemia is likely to be especially important for early establishment of treatment satisfaction since immediate improvements are seen for this clinical endpoint, and since titration of IDegLira was directed to an FPG target, patients are likely to view FPG as a direct measure of treatment success.
Hypoglycemia rate and weight gain with IDegLira were relatively reduced compared with insulin degludec alone in the DUAL I and II studies [26, 27] , although not when compared with liraglutide alone [26] . Each of these potential insulin therapy side effects may be particularly important in treatment initiation and the early stages of insulin therapy since their early occurrence might discourage subsequent dose titration to appropriate levels and affect future adherence behaviors, and they have been recognized as psychological barriers to insulin initiation and adherence [3, 5, 35] . Hypoglycemia and weight gain were therefore included in the composite endpoints, and the proportions of patients achieving the HbA 1c target without these adverse events remained higher with IDegLira than with insulin degludec alone; indeed, the relative advantage became larger. In patients previously treated with OADs (DUAL I), a higher percentage of patients achieved the HbA 1c target without hypoglycemia and without weight gain with liraglutide than with IDegLira at week 12. One question of interest is whether patients with different degrees of disease progression will all respond equally well to IDegLira. Post hoc analyses have demonstrated that the efficacy of IDegLira in the DUAL I and II studies was independent of several parameters that can be considered markers of disease progression including, baseline HbA 1c , disease duration, and BMI [28, 36] . However, further research is merited to assess the efficacy of IDegLira in advanced T2DM.
Another consideration with the use of GLP-1RAs is gastrointestinal (GI) side effects, with transient nausea being the most frequently reported event. The results from DUAL I showed a lower rate of nausea with IDegLira compared to liraglutide alone, probably attributable to the much slower titration of the liraglutide dose when using the IDegLira combination [26] . In blinded comparison in DUAL II, the difference between IDegLira and insulin degludec was very small [27] . Our analysis, together with these previous data, therefore suggests that patients treated with IDegLira can expect to observe relatively early therapeutic benefits in terms of glycemic control, but with a relatively low risk of the adverse reactions that might be expected from the components.
It should be noted, however, that the maximum dose of liraglutide was not reached with IDegLira in either the DUAL I or DUAL II study, hence the therapeutic potential of the GLP-1RA component of the regimen may not have been realized to the full extent that is possible with a free combination regimen. Nevertheless, clinically relevant efficacy and safety outcomes were achieved with the convenient fixed combination regimen in these studies. It can be hypothesized that a therapeutic profile characterized by the prospect of clinical benefits combined with good tolerability might help patients and their healthcare professionals overcome clinical inertia as well as enhancing treatment adherence. It should be noted, however, that treatment satisfaction and adherence to IDegLira relative to comparators was not studied in the DUAL I and II studies, although treatment satisfaction was included as an endpoint in other recently completed IDegLira trials [29, 30] . Within a strictly monitored, controlled clinical trial, adherence is likely to be better than in everyday clinical practice. In fact, the subject of how the speed of clinical improvement in response to pharmacological intervention affects patient self-management behaviors appears to have been little studied in any field of medicine, including diabetes. The gold standard used for judging success in glycemic control has long been HbA 1c , and improvement in this endpoint is typically assessed after a period of at least 16 weeks of treatment or longer. A patient's attitude to their therapy, however, may be shaped more by their experiences of side effects and the clinical responses they can observe (e.g., self-measured blood glucose-determined FPG) in the earlier stages of therapy. Diabetes is a condition where self-management behavior and good glycemic control are critical determinants for long-term prognosis, but where suboptimal control and adherence do not produce immediate unpleasant consequences for the patient. This is therefore an area worthy of further study.
One caveat in this assessment is that to achieve parity in insulin dosing in DUAL II (which was designed to assess the clinical contribution of liraglutide in IDegLira), both IDegLira and insulin degludec were initiated at 16 dose-steps/units. This basal insulin dose reduction (from a mean of 29 units) in patients randomized to insulin degludec would have compromised the early efficacy that might have been achieved had patients applied the same titration algorithm to their pre-trial insulin dose. Therefore, the relative differences in speed of improvement may not reflect what might be expected where the choice is to switch patients from their basal insulin regimen to IDegLira, or to continue and optimize their basal insulin regimen. Nevertheless, mean HbA 1c had decreased by approximately 1 % (and FPG by more than 2.5 mmol/L) by week 8 (Figs. 1, 3 ) in patients commencing IDegLira, despite the reduction in insulin dose, hence this transfer was made without any immediate loss in glycemic control. It is also important to note that, depending on the patient's HbA 1c , a reduction in basal insulin dose is appropriate when GLP-1RA therapy is introduced to the regimen of a patient on basal insulin [9] . A further consideration with DUAL II is that the maximum dose of insulin degludec was limited to 50 units. This should not have impacted early between-treatment differences during titration, but might have affected outcomes by week 12 when doses were approaching final mean values [27] . Another limitation of our analysis is that the greater speed of glucose reduction might merely reflect the more potent total glucose-lowering effect of IDegLira versus its comparators, with both the rates and final totals of glucose reduction largely determined by the titration algorithms. The same 2-0-2 titration algorithm was used for both IDegLira and insulin degludec, and while IDegLira contains two agents in one injection, these findings indicate that glycemic target could be achieved more quickly with IDegLira versus insulin degludec, with a similar number of injections and effort in terms of titration, and without an increased risk of hypoglycemia and weight gain. The titration algorithms used in the trials are those recommended for everyday clinical practice, although we 
Conclusions
In summary, the present analysis complements the original DUAL I and II study publications by providing data from the early phases of IDegLira therapy in patients previously treated with OADs with or without basal insulin. These data are of clinical importance as they show that the improved balance between glycemic control, hypoglycemia, and weight change, comparing IDegLira with its individual components, manifested early during therapy (remaining thereafter throughout the duration of the studies). Indeed, IDegLira produced marked improvements in glycemic control, with beneficial effects on body weight, as early as 4 weeks after initiation, not achieved at the expense of early side effects such as hypoglycemia. These findings support the hypothesis that drug combinations with complementary actions could accelerate the onset of therapeutic benefits in T2DM patients. Early improvement in glycemic control could enhance patient perception of progress and hence their satisfaction and perseverance with treatment, and may also help overcome clinical inertia in the drive for improved glycemic control.
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